INTRODUCTION
GRAIN yield in wheat, as in other crops, is a complex character, the sumtotal of the contributions made by its individual components. Grafius (1959) has even doubted the individuality of grain yield. Yield and some of its components, such as the number of ears per plant, cannot be wholly reliably used as criteria for selection because of their low heritability and wide fluctuations as a result of their interaction with the environment. Thus, to breed for yield, the geneticist has to simplify this complex situation and handle a number of related characters. Grain yield/plant in wheat has a number of components: 1000-grain wt., no. of grains/ear, wt. of grains/ear, and no. of ears/plant. The question as to the extent to which these component characters can effectively be used in selecting for improved yield in wheat is not clear. However, sharply differing views on the effectiveness of the component approach to selective breeding have been presented by Williams (1959 Williams ( , 1960 , Grafius (1960) , Hayman (1960) , and Moll et al., (1962) . Further experimental evidence is needed to understand this problem and information is required on: (1) the genetics of grain yield and of the components of yield, (2) genotypic and phenotypic correlation and the direct path of the component characters with yield and the degree of association between the component characters, and (3) the construction of a selection index.
Studies on the genetics of grain yield and on the components of yield have been reported by Wiebel (1956) , Whitehouse et at. (1958) , Kronstad and Foote (1964) and Paroda (1968) . Correlation studies in wheat have been carried out by several workers (Bridgford and Hayes, 1931; Wiebel, 1956; Sikka and Jam, 1958; Gandhi et at, 1964) . Information on pathcoefficient analysis as suggested by Wright (192 1, 1923) and discussed by Dewey and Lu (1959) and several others, which provide a means of untangling the direct and indirect contribution of various factors in building up a complex correlation, is not available in wheat. The basis for the development of discriminant functions in plants has been provided by Smith (1936) using data on wheat and later applied by several workers to a number of crops. Simlote (1947) in durum wheat and Robinson aal. (1951) in corn, obtained gains of nearly 16 per cent, and 9 1 bushels per acre respectively, whereas Panse and Khargonkar (1949) in cotton, Abraham a al. (1954) in rice, Sikka and Jam (1958) and Bhide (1963) (1) To investigate genotypic and phenotypic correlations in different generations.
(2) To study direct and indirect effects of component characters on yieId and (3) To construct a suitable selection index in wheat.
MATERIALS AND METHODS
Six parental lines in wheat were selected from the genetic stock at the Indian Agricultural Research Institute and were crossed in a diallel fashion in 1964-65. Agra Local and K.13 were selected as well adapted local varieties. Sonora 64 was included as a recent dwarf introduction from Mexico. N.P.876 was selected as an improved Indian variety with good grain quality. H.26 and H.S.990-483 were included as recently developed strains through hybridisation. Part of the seeds from all 15 single crosses were grown at Wellington (Nilgiris) during the summer of 1965 to obtain F2 seeds.
The experiment in 1965-66 consisted of 6 parental, 15 F1 and 15 F2 populations. The layout was a randomised block design comprising 4
replications. Out of a total of 174 rows in each replicate, 4 rows were sown to each parent, 2 rows to each F1, and 8 rows to each F2 population. The sowing was done by dibbling the seed at a distance of 6 inches in rows 10 feet long, spaced 18 inches apart. Normal cultural practices were followed. The two variance-covariance matrices necessary for calculating genotypic and phenotypic correlation coefficients and also for evaluating the coefficients b1, b2, ..., b, used for the discriminant function technique, were obtained from the mean squares and mean cross products of genotypes and of error for different characters measured in replicated experiment. Analysis of variance for each character and analysis of covariance for all pairs of the 5 characters studied were constructed separately for parental, F1 and F2 generations. The expectations of mean squares and mean cross products are given as follows: The correlation coefficients were calculated in the usual way.
The path-coefficient analysis was carried out as described by Dewey and Lu (1959) at the phenotypic level for parental, F1 and F2 generations separately.
The phenotypic and genotypic variances and covariances obtained from the F2 generation were used for constructing discriminant functions using different character combinations according to the procedure given by Smith (1936) . The grain yield/plant was also included as one of the independent characters as suggested by Robinson et al. (1951) here is the selection differential in standard units, for the present study it was 206 for 5 per cent. selected (Lush, 1949) . gyy and t, are the genotypic and phenotypic variances of charactery. b1, b2, . . b, are the relative weights for each character, and g1y, g2y, .g are the genotypic covariances of independent characters withy. The expected gain from the discriminant function over straight selection was calculated for all the functions studied, as follows:
The genotypic and phenotypic correlation coefficients between all pairs of five characters studied in parental, F1 and F2 generations separately are presented in table 1. 1000 grain wt. and wt. of grains/ear showed highly significant correlation with grain yield/plant both at the phenotypic and genotypic levels over all generations. The magnitudes were consistent over all generations and were considerably larger at the genotypic level. The correlation between no. of grains/ear and grain yield/plant was positive, but it was significant only in the F1 and F2 generations-both at the phenotypic and genotypic levels. Low genotypic correlation coefficients in parental and F1 generations indicated that the association between these two characters was not very strong.
No. of ears/plant showed a highly significant association with grain yield/plant at the phenotypic level in F and F2 generations but it was nonsignificant in the parents. The genotypic association between these two characters was very inconsistent, being negative in the parents and positive in the F2 generation. Further, no. of ears/plant showed very poor or even negative correlation at the phenotypic level with all other component characters studied. However, at the genotypic level, no. of ears/plant showed highly significant negative association in all generations with 1000-grain wt., no. of grains/ear and wt. of grains/ear. The genotypic correlation coefficient between no. of ears/plant and no. of grains/ear was not estimated at parental level because of the high negative covariance between these two characters. 1000-grain wt. showed a highly significant correlation with wt. of grains/ear both at the phenotypic and genotypic levels over all generations.
The high values for the genotypic correlations indicated close association between these two component characters. The association between 1000-grain wt. and no. of grains/ear was positive and non-significant except in the F1 generation at the phenotypic level. However, these two components were negatively associated at the genotypic level in the F generation. No. of grains/ear and wt. of grains/ear were highly positively correlated at the phenotypic level in all generations but the genetic association between these two characters was inconsistent.
A path-coefficient analysis, which measures the direct as well as indirect effects of one variable through another on the end-product, was worked out in parental, F and F2 generations at the phenotypic level. The direct and indirect effects of component characters studied on grain yield/plant are presented in table 2. The positive correlation between grain yield/plant and 1000-grain wt. was the result of the positive direct effect of 1000-grain wt., Selection indexes for yield were constructed for the F2 generation (as discussed earlier) and different combinations were examined in an attempt to identify those characters which may be of help during selection. The selection indexes and expected gain in per cent, over straight selection for grain yield in each case are given in table 3. The maximum gain of 16'50 per cent, was expected when all the five characters studied were included in the discriminant function. Individually, except grain yield/plant which indicated an expected gain of 498 per cent., all of the component characters showed negative gains. When a combination of two or more characters was studied in a function, the expected gains were positive and high only when grain yield/plant was also included as an independent character. The gain of 1579 per cent, was possible by using a combination of grain yield/plant and 1000-grain wt. No other component character in combination with grain yield/plant gave substantial gain. Further, only these combinations showed higher expected gains when grain yield/plant and 1000-grain wt. were also included in the formulae. The gains ranged from 1579 to 165O per cent.
4. Dxscussio On the basis of the present investigation, the component characters which showed high correlation with grain yield/plant both at the phenotypic and genotypic levels were: 1000-grain wt. and wt. of grains/ear. These two component characters were also highly correlated with each other. The consistently high genotypic and phenotypic correlation coefficients over different generations indicated that these two component characters are genetically associated with grain yield/plant. Moreover, wt. of grains/ear showed a highly positive direct effect on grain yield/plant and no other component character seems to have had any significant indirect effect.
1000-grain wt. also had a high positive direct effect on grain yield/plant but the high and positive indirect effect via wt. of grains/ear indicated that the high association between these two characters was due to the high indirect effect of wt. of grains/ear. This was a better situation because 1 000-grain wt. and wt. of grains/ear were highly correlated at genotypic level. Such high genotypic coefficients in this material could arise by chance as well as by correlated responses to selection arising from linkage and pleiotropy. Separation of these factors require investigations of the variances and covariances among individuals within generations over a number of different generations. In the present investigation, it was not possible to draw conclusions about pleiotropy and linkage because only parental, F1 and F2 generations were available. Moreover, the chance factor cannot be ruled out unless studies are carried out on a very large sample of lines selected at random. Previous investigations also confirm that grain wt. is highly correlated with grain yield in wheat (Brigford and Hayes, 1931; Weibel, 1956; Sikka and Jam, 1958; Gandhi et al., 1964) . Thus, selection on the basis of any of these three characters is expected to give a desired correlated response. The other two component characters, no. of ears/plant and no. of grains/ear showed high phenotypic correlation with grain yield/plant; however their magnitudes were low at the genotypic level and both of these components showed negative association at the genotypic level between themselves as well as with other component characters studied. Although no. of ears/plant showed a high and positive direct effect on grain yield/plant, the utility of this component character was doubtful because of its negative genetic association with grain yield/plant as well as with all other component characters studied. Under these circumstances, it would be desirable to exercise selection for those components which are closely associated at the genotypic level with grain yield/plant and then to compensate for the no. of ears/plant by increasing the plant population/unit area. The situation regarding the no. of grains/ear was also not encouraging because it showed the lowest correlation at the phenotypic level, negative correlation at the genotypic level and a negative direct effect on grain yield/plant. It also appeared to have a negative genetic association with all the other component characters studied and thus, selection on the basis of no. of grains/ear in this wheat material is not likely to be useful for increasing grain yield/plant.
A breeder, in general, is confronted with the problem of selecting a 2C character or a number of characters which would give maximum genetic advance through selection. En this endeavour, a number of workers have applied the method of discriminant function in wheat (Simlote, 1947; Sikka and Jam, 1958; Bhide, 1963) . Only Simlote observed a gain (of nearly 16 per cent. in durum wheats), whereas the others observed no significant gain in their material. However, the effectiveness of a selection index will depend on the availability of realistic economic weights and accurate variance and covariance estimates (Sprague, 1966) . Thus, it is always desirable to estimate accurately the phenotypic and genotypic variances and covariances in each population in order to judge superiority of a discriminant function over straight selection. In this investigation, a maximum gain of 165 per cent.
could be expected when grain yield/plant and all other component characters studied were included in the formula (table 3) . This confirmed the previous finding of Simlote (1947) that the application of the discriminant function can lead to an advancement over straight selection in wheat and that the discriminant function method is superior to straight selection. It is essential to realise that most of the previous investigations, including ours, have reported so far the superiority or otherwise of the discriminant function over straight selection on the basis of expected gains. Since observed gains do not always agree with those expected, the claimed advantages of selection indexes need to be confirmed in practice. However, for a breeder, it is very important to know before initiating any selection programme whether or not the discriminant function is superior to straight selection, even on the basis of expected gain, in the material under study. In practice, it is not possible to use as many as five characters for selection programmes and thus one would prefer to use a discriminant function which would lead to matmum possible genetic advance by using a minimum number of characters. With this in view, a number of character combinations were studied and it was possible to obtain an expected gain of 15'79 per cent, by using only grain yield/plant and 1000-grain wt. in the function. No other combination involving one or more component characters, except 1 000-grain wt., gave any marked gain when used in the discriminant function along with grain yield/plant. High b values for 1000-grain wt. in all selection indexes which showed gains over 15 per cent. revealed that, during selection, considerably more attention should be given to 1000-grain wt. as compared to grain yield/plant, although both the characters are important from the selection point of view. Previous investigations have indicated that grain yield/plant is genetically a complex trait, whereas 1000-grain wt. is the most heritable and genetically stable component of yield in wheat (Paroda, 1968) . In spite of its complex genetic architecture, it was essential to include grain yield/plant in the selection index as all other component characters failed to give positive gains when they were used individually. Thus, selection on the basis of 1000-grain wt., and grain yield/plant would appear to be most effective in improving grain yield in a practical wheat breeding.
SUMMARY
Studies on genotypic and phenotypic correlations, path-coefficients and disc riminant function in wheat show that:
1. 1000-grain wt., and wt. of grains/ear are genetically associated with grain yield/plant, whereas no. of grains/ear and no. of ears/plant are
